octahedra, forming a three-dimensional (3D) structure. The magnetic susceptibility of compound 1 in the temperature range 2 -300 K shows the presence of antiferromagnetic interactions within the uniform Cu2···Cu3 chains.
Introduction
Owing to the special features of transition metal oxide surfaces and the role of polyoxometalate (POM) clusters in several areas of current interest [1] , research on chemically robust POM-based composite materials is highly attractive. It is especially fascinating when POM clusters are employed as building blocks to construct extended solid frameworks.
Up to now, one of the challenging tasks in POMs chemistry is to design and synthesize multidimensional porous metal-organic frameworks [2 -7] . In comparison with many inorganic-organic hybrid materials with extended frameworks based on POMs, generating true metal oxide surfaces and framework materials without the incorporation of additional conventional ligands holds a large potential [8] . This kind of material is usually stable and insoluble in common organic solvents. This property is very advantageous to expand the application of POM-based materials in chemically bulk-modified electrodes [9] .
The paradodecatungstate anion [H 2 W 12 O 42 ] 10− with its particular structural features, sufficient charge density and multiple coordination sites, provides numerous possibilities of intermolecular linkages according to the linking rules of selected building blocks [1a, 10 -12] . On the other hand, transition metal ions with multiple coordination requirements, oxophilicity, unique catalytic and magnetic properties, have been used in developing POMs incorporating transi-0932-0776 / 08 / 0200-0187 $ 06.00 © 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com tion metals. Here, we report the synthesis and characterization of a unique 3D, purely inorganic, porous compound formed by paradodecatungstate and firstrow transition metal cations in a facile synthetic method.
Results and Discussion

Synthesis
Compound 1 was obtained from a mixture of (NH 4 ) 6 [13] which make the whole compound stable. The pH of the reaction mixtures seems to be crucial because the solid is isolated only in a narrow pH region (3.5 -4.1). As to the metallic atoms in compound 1, there are four crystallographically unique copper centers with different coordination environments. The Cu1 atom is in the centre of an octahedron defined by six water molecules with Cu1-O bond lengths in the range from 1.912(15) to 2.389(14)Å in a discrete cation. The Cu2 octahedra are formed by four oxygen atoms which belong to the belt-type W 3 O 11 groups coming from two paratungstate cores and two H 2 O molecules with Cu2-O bond lengths in the range from 1.943(10) to 2.550(11)Å. The Cu3 octahedra are formed similarly to those of Cu2 with the Cu3-O bond lengths in the range from 1.969 (11) (12) Å. All these bond lengths are within the normal ranges and in close agreement with those described in the literature [18] .
Crystal structure of the compound
It should be noted that two terminal oxygen atoms linking Cu2 and Cu3 come from the same WO 6 octahedra where two cis terminal oxygen atoms make it easier to link metal ions [13] . Such a structure is suitable to build high-dimensional architectures. As shown in Fig. 2 (Fig. 2) . These layers are further connected by Cu4 forming a 3D structure with two tunnels with a dumbbell cross section (Fig. 3 ). Discrete [Cu(H 2 O) 6 ] 2+ cations are located in the channels along the b axis. Viewed along the a axis extensive hydrogen bonds can be (Fig. 4) . Furthermore, the oxygen atoms of the polyoxotungstate units also form hydrogen bonds with H 2 O molecules, which make the crystal structure of 1 more stable.
By reducing multidimensional structures to simple node-and-connector reference nets, the crystal structure is reduced to an irreducible net resulting from the combination of six-connecting nodes with an (8 12 
UV/vis spectrum
The electronic spectrum of compound 1 in aqueous solution (Fig. 6 ) displays an absorption peak at 252 nm 
Thermal analysis
The weight loss of compound 1 in the temperature range of 0 -700 • C corresponds to the release of all water molecules. 
Magnetic properties
The variable-temperature magnetic susceptibilities of newly prepared compound 1 were measured from 2 to 300 K at a fixed field strength of 1000 Oe. The result is shown in the form of a χ m T vs. T curve. The 1/χ m vs. T curve of 1 is also given in the inset (Fig. 7) . When the sample is cooled from r. t., χ m T decreases smoothly from 1.72 (300 K) to 1.28 emu · K · mol −1 (2 K). The inverse susceptibility (1/χ m ) plot as a function of temperature (T ) is almost linear in the range of 100 -300 K, closely following the Curie-Weiss law, giving a Curie constant C = 1.79 cm 3 K mol −1 and a Weiss constant θ (−12.9 K) < 0, suggesting the occurrence of antiferromagnetic exchange interactions in the title compound.
At r. t., the effective magnetic moment (µ eff ) determined from the equation µ eff = 2.828 (χ m T ) 1/2 is 3.71 µ B , which is obviously smaller than the expected spin-only value (4.89 µ B ) for four isolated Cu 2+ atoms (S = 2; g = 2.00). The result may be explained as follows: as illustrated in the structure description, the Cu1 atoms exist in discrete cations. The antiferromagnetic exchange interactions therefore can only exist between WO 6 group-bridged Cu2···Cu3 chains, because the Cu4 atoms are also separated far from other Cu 2+ cations by WO 6 units (Fig. 2) . The singlet-triplet energy gap (J) is defined by the Hamiltonian H = −JS A S B (S A = S B = 1/2), and the susceptibility can be described by the following formula based on a modified uniform chain model [19] :
where
Using this model, the susceptibility was simulated, giving the best fit with parameters J = −0.05 cm −1 and g = 1.43. The small J value might be attributed to the WO 6 group-bridged linkages, which have an unfavorable effect on the magnetic interaction. So the effective magnetic moment should be 3.5 µ B (g = 1.43). The result supports the occurrence of Cu2···Cu3 coupling through a tungstate bridge.
Conclusions
In summary, we have obtained and structurally characterized [Cu(H 2 2 O for the first time. The synthesis of compound 1 from the components indicates the diversity of pathways for attaining novel structures and species. The magnetic behavior of 1 reveals the interactions between the copper(II) cations. It appears that the paratungstate-B cluster is a good candidate for synthesizing new compound with varying architectures and properties, because of its sufficient charge density at the surface oxygen atoms and other structural features.
Experimental Section
General procedures
All reagents were commercially available and were used without further purification. (NH 4 ) 6 [20] and characterized by IR and UV/vis spectroscopy, and TG analysis. Elemental analyses (Cu, W) were carried out with a Leaman inductively coupled plasma (ICP) spectrometer. IR spectra on KBr pellets were recorded on a Nicolet 170SX FT-IR spectrophotometer in the range 4000 -400 cm −1 . The UV/vis spectra were recorded in the range of 200 -1200 nm in aqueous solution on a DU-70 spectrophotometer. TG analysis was recorded with a Netzsch STA 449C microanalyzer in an atmosphere of nitrogen at a heating rate of 10 • C min −1 . Variable temperature magnetic susceptibility measurements were 
X-Ray crystallography
X-ray diffraction data were collected on a SMART CCD diffractometer with graphite monochromated MoK α radiation at r. t. The structure was solved by Direct Methods and refined by full-matrix least-squares on F 2 with the SHELX-97 program package [21] . The non-hydrogen atoms were located with difference Fourier syntheses, and the hydrogen atoms were generated geometrically. For 1, a total of 9206 reflections (1.87 ≤ θ ≤ 28.3 • ) were collected with 7318 unique ones (R int = 0.033), of which 6736 reflections with I ≥ 2σ (I) were used for the structure refinement. The crystallographic data for 1 are listed in Table 1 , and selected bond lengths are presented in Table 2 .
Further details of the crystal structure investigation may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: +49-7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, http://www.fizinformationsdienste.de/en/DB/icsd/depot anforderung.html) on quoting the deposition number CSD-418106.
